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The concept of <* structure** is discussed in connection 
with the biological and psychological sciences and shown# through a 
short historical analysis^ to have been subject to iaprecise use. The 
recent ''structuralist noveaent** in the social sciences has also 
tended to cloud the neaning of structure rather than to clarify it, 
Osing whitehead's and Russell's logic# the concept of "structure** is 
analyzed in terns of **relations** and •*eleaents**, and it is eaphasized 
that neither one can be reduced to the other. The reaainder of the 
paper considers the guestion of hov the concept of cognitive 
structure enters into Piaget's global vision of intellectual 
developaent. Differences between Piaget's vaguely typological 
conception of cognitive structure and the analytic uses of structure 
as developed earlier in the paper are pointed out. The preaise that 
"different structure«dif ferent stage** is guestioned as a working 
hypothesis for researchers. Recent developaental studies of Piaget's 
stage-related reasoning skills have failed to confira the 
structure-stage connection. (CS) 
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IN CHILDREN AND ADOLtSCCNTS 



Charles J. Brainord 



The experii'vnt reported hero was concerned v/ith the development of 
inpli cat ion- reasoning ability between middle-childhood and middle-adolescence. 
The* experiment also was concerned with the effects of two between-subjects 
treatn:ents (proposit ional content and prepositional order) and one within- 
subjects within _S_s treatment (type of logical inference required) on subjects' 
tendencies to reason in terms of formal -logical Implication. Herein, the 
accepted ineaning of "implication" is the definition ascribed to'lt In propo- 
sitional logic, viz. a proposition A (the antecedent) is said to Imply a pro- 
position B (the consequent) if A cannot be true without B also being true. 
In the present paper, "implication-reasoning" is operationally defined in 
terms of the subjects' tendencies to affirm the four logical Inferences that 
follow from the preceding definition of 'implication*. Given that S knows 
"A Implies the following four inferences are authorized: 

1- L9.si.liy3 infojron^^^^ an inference that the conjunction of A and B 
(A . B) can bo true. 

^' PJlPJ.Ll. 9f- con."p/|uent: an Inference that the conjunction of A 
and not-B (A . B) c^nno_t bo true. 

^- /lfJJrj]L''.ypn of- ^lie. fJntecodnnt: an inference that the conjunction 
of not-A ,?nd B (A . D) can be true. 

^' ^?P^''i>!?jj^:}y^ .Lf}.r?.r^'iL-.^ : infnrenco that the conjunction of 

nC't-A ond r.ot-B (A . Tj) cm h?. truo. 
Ti\r;^ Uy.r I n fcTonrio crU.jrjor io; wnrr? ctnployctl as 1ndo>" of implication- 
r fM ;f)r) Ipfj ,;h i I i l:y . 



Ti'.o i I, .jli cat ion- reasoning abilities of subjects of three age levels 
v.jro oval u«» ted: 8-9 year-olds, 11-12 year-olds, and 14-15 year-olds. Al- 
thoutjh alr.iost any developmental tiieory would predict improvements in general 
rcaf.o.viii(j ability within this age span, Piaget In particular (e.g., Inhelder 
& Piacjcu, 1958) has predicted improvements in implication-reasoning between 
tl.u» arjos of 8 and 15. Piaget' s position has not remained entirely uncon- 
tested, however, on the basis of series of reasoning experiments (Wason, 1966, 
1953) er.ployind college Ss, Wason has concluded that Piaget's claims about 
the developjnent of formal reasoning skills are unjustified. The major justi- 
fication for studying three specific age levels employed in the present exper- 
i:;jnt is to provide further evidence pertaining to this controversy. Of the 
age groups studied, the 8-9 year-old group corresponds to Piaget's substage 
118 of concrete operations; the 11-12 year-old group corresponds to Piaget's 
substage IIIA of formal operations; the 14-15 year-old group corresponds to 
Piaget's substage III3 of formal operations. According to Piagetian theory, 
each succeeding substage should be characterized by an increase In implication- 
reasoning abil i ty. 

The semantic content of the implication-reasoning propositions also was 
mdr.i,K4l;Ued in the present experiment. Previous research with other forms of 
ir.'ercntia; reasoning (e.g., Lefford, 1946) has indicated that the meaning or 
so-antic content of propositions affects the validity of the inferences. While 
;*rc'v;Gus content nanipulations have involved such things as "controversial" 
p;/, iticrtl topics, the present content manipulation consisted of implication- 
reu5c>r, incj proble.r.s that differed in their ultimate reinforcement consequences. 

In corstructing the actual implication-reasoning problems, two well- 
known features of the formal implication relation were incorporated: (a^) the 
transitivity property of implication; (b) the empirical Isoniorph of logical 



inij'lication, the caiise-oFfect relation. Because implication is a transitive 
relation, one is authorized to conclude 'A Implies C* whenever one knows 
eUhqr 'A implies B and B implies C* or 'B implies C and A implies B*. Be- 
cause the initial propositions of any three-element implication problem (such 
as those employed here) inay be presented in either of two possible orders, 
propositional order also was manipulated. Finally, because empirical cause- 
effect is isomorphic with logical implication, the actual problems given to the 
subjects involved cause-effect relations of a sort that are likely to occur in 
rrost children's lives. 

Method 

Subjects 

As previously noted, the subjects were drawn from three age levels: 
third graders, sixth graders, and ninth graders. Twelve boys and 12 girls 
W:?r2 selected from each level for a total of 72 subjects. For purposes of 
qonorality, it seemed more appropriate to study average children than either 
bright or dull children. Therefore, only subjects with an IQ in the 90-110 
range and an academic grade-point in the 2.0-2.5 range (on a 4-point scale) 
v/ore included in the present sample. 

All subjects also had to meet a criterion of minimal reading ability to 
b; inclU'-lod. To moat the criterion, it was necessary for the subject to read 
six son tenc'jj that wore similar in diffictjlty to those he or she would en- 
coii.i^er in thr. ii pi ication-reasonintj problems. Only one subject (a third 
r;'^..''Ier) fail'^r! to f?vi'jf.'Pce nn'niml readinr; 'bility and he was replaced by 
«!; ';f.r. ?r thirr! rjrf^rhr who irot the Criterion. This r*?ading pretest served as 
'.\f: 'J '.sur-inc? thdK ago difffroncrs in irfiplicr^tion-reasoning could not be 
af-.hr ibutofl tn /igo d i f Feronr'j^ in redding ability. 
Ar::- jr-itfj", r^rd irtl 
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A Sony 230 storco tupo rocorder wos used throiuihout the oxporirriont. 
l';K>n entoriiui I ho lahoriUory the subject was fitted v/lth Sony DR-6A headphones 
uiiic. rot roroved until he or she loft the room. Instructions vtere pre- 
recorded on the right channel of all tapes. The subject's responses subso- 
quontly v;<?re recorded on the left channel. Thus, all subjects heard the 
experin'enter's instructions and comments through the right headphone, while 
thoir own responses simul taneously were being recorded on the left channel. 

The other important materials employed in the experiment were white cards 
on which the implication-reasoning propositions were printed. All cards were 
three inches by five inches and the antecedent propositions of each implication- 
reasoning problem were typed in capital red letters on each card. 
f^.l^v/5|,en Subjects Treatm ents 

/Vje. As noted above, three age levels were studied. Also as noted, 
tK?5e three aye levels presumably correspond to Piaget's concrete-operational 
substage IIB, formal -operational substage IIIA, and formal -operational sub- 
stj^io IIIB. 

P.rjl-T.- "''^''■^ propositions employed in the experiment are enumerated in 
frihlf! 1. Tho as'..cs5r;^nt procedure focused on the extent to which the subject 
concluded th.\t a cause-effect relation obtained between the propositions of 
coiu; -r. A and C of rp.blo 1. Obviously, there are two possible orders in which 
f;!. ' prop')-, i t ions of colnrrns A, R, and C nirty be conjoined to necessitate the 
tr '.P iitiv'j infor'.Tiro "A cm^os C" , viz. "A causes R and_B causes C" or "B 

C ..ir.'l ; r.c-! J <-.'.>'•, ('," . For convenience, the forn/jr prcsontation order is 
f • • r. 'I to <» fon/irr! onU-'.r (FO) and thr? latter ord'?r is referred to ds 

f.r f-f.vfr .-' or ! r' (Rn). Oni^-h^ilf of the r^ubjt'cts rcccivpd FO problems and 
Ih" oh'-' r fi,i1f recr* i V'.»f! PO prij!;.! '••rr., . 
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C,y?.tt-!?1* ^" examination of the propositions in Table 1 will reveal that 
each iiiipl ication-reasoninfi problem involved a sinrjle central character (either 
Jack or Jill). The content manipulation consisted of varying the reinforce- 
ment consequences of the cause-effect outcome for this central character. One- 
half of the subjects were given problems in v/hich the transitive inference 
("A causes C") involved some pleasant consequence for the central character. 
The other half of the Ss were given problems in which the transitive inference 
involved some unpleasant consequence for this central character. The pleasant 
outcome condition is referred to as the positive content treatment (+C) and 
the unpleasant outcome condition is referred to as the negative content treat- 
ment (-C). The eight +C problems appear in the top half of Table 1, while the 
eight -C problems appear in the bottom half of Table 1. 
KUhL" Subjects Treatment 

As noted earlier, the knowledge that A imples C authorizes four valid 
infornnces. Previous research with college subjects (e.g., Wason, 1968) 
S!jcjg«sts that these Four inferences may not be of identical difficulty. Since 
this possibility has not been examined with children, each subject was required 
to rake all four types of inferences in relation to each of the eight impli- 
C'ltion-roasonincj problons (i.e., a total of 32 inferences in all). To deter- 
niro th2 oxtcnt to vhir.h tho subject was capable of making all four types 
0^ iiif'jroncf-.,, the expi-^r iir^ntsr dSked four (randomly ordered) questions of the 
foMov/ir.'; qr^n-^T'il form ar. part of each problom: 

•'/f'.'.';i>l'? .}I!'Jj-r.9PS'\'- "If ^ occurs, th^n wh<it ol^.o will occur?" 
(corroct 'in-.wer:; - C or both B nnd C). 

^' !^}}^. ^■■.9.P}r'il''^P^'- "^^ ^ occurs, th:?n is it possible that C 

won't ocr.ur?" (correct an:,v/or - no). 
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3' Affirmation of the an teceJent ; "If C occurs sometime It is possible 

that A didn't occur?" (correct answer « yes), 
4. Contrdpoiitive inference ; "If. A doesn't occur, then what else could 

occur?" (correct ansers « C may or may not occur or B and C may or 

may not occur). 

The first and last questions obviously required greater extemporization 
than did questions 2 and 3. Whenever such a situation obtains, there exists 
the possibility that individual differences in motivation or anxiety may in- 
crease error variance. Hence, it seemed advisable to institute some pre- 
cautionary measures to minimize the chances that failures to answer questions 
1 and 4 might be due to reticence on the part of S. These precautionary mea- 
sures consisted of a minimum of two promptings that were provided whenever 
failed to answer (i.e., gave an, "I don't know") either the first or last 
question. 
Randomi zations 

Equal numbers of subjects from the three age groups v/ere assigned ran- 
do?rly to the two order conditions and to the two content conditions, with the 
5ir!(]le provision that the treatment levels be divided equally with respect to 
s^x. From the eight factorial ways in which the implication problems might 
h-;) /:- br^Qf) ordered, 24 problem orders were selected at random and randomly 
a^. -tinned to the subjects within each age group. Finally, the order in which 
t'nr: four a:->soi5r'ont questions were po-,cd was varied randomly for each randomly 
orrlTcd problem. 

Fach subjoct was qiven citlier tho eight implication-reasoning problems 
arp."rin^! in th^ top half of Table 1 nr the eight implication-reasoning 



problems npuodrinr? in the bottoin hdl f of Tablo 1. The elements of those 
probleii'S were throe base propositions (columns A, B, and C of Table 1). As 
d penns of controlling for possible age changes in short term memory, the 
problems v.-ere prosentod one-at-a-tii;ie on 3 x 5 cards and the experimenter read 
each one aloud. The subject was allowed to retain and reread the card during 
the interim during which they were asked questions concerning it. 

In reading each problem, the experimenter conjoined the column A pro- 
position with the column B proposition and the column B proposition with the 
column C proposition via a cause-effect relation. Following the reading of 
each 3x5 card, the experimenter assessed the extent to which the subject 
inferred that a cause-effect relation alsj obtained between the column A and 
C propositions (i.e., 'A causes C) via four questions of the general type 
notod above. 

Prior to seeing the initial problem, the subject heard the following 
instructions: ' I am going to show you some v/hite cards one-at-a-tlme. On 
each card thiire is a short little story about a boy named Jack (girl named 
Jili). I sh'iill read each story to you as you look at the card. I shall then 
c'.'.k you -.oro quoitions about the story on the card. V/hen you have ansv/ered 
tho fiu.yUions, we shall go on to a new card and to the same thing again until 
-iro finish'^fl." 

To 'iuM'Mr lzo th(? procedural details of the cxporinent, the subjects 
fr r; c:,,rr. fVjc? gr'i'jp v/pre a'-.signfjd randomly to either condition FO or condition 

mA to f'itri'j" cord! Lion '■C rr condition -C. Next, the subjects were read 
f M ,,!.r,v.:. ir.stf'i .tior:'. . Finally, thr.« eight cards with tho implication- 
r problr::'. -./f^rf; prcM'ri and r^^ad alowd one-a t-a-tiiiie; the '"ubjects 

VK.T-' a-.kfd foil:' ^iif',tion'"> pfft^'ininn tn each card. 
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The dw?pendont moasure was the subjects' answers to 32 questions (i.e., 
the correctness- incorrectness of the responses). The four catociories of 
inferences were scored in the following manner: 

(1) PosUiye i n Terence ; The subject received a 3 for a correct answer 
on the first try; a score of 2 for a correct ansvver following a 
single prompting; and a score of 1 for a correct answer following a 
second prompting. 

(2) De nial of the consequent ; The subject received a 2 for a correct 
"no" answer. 

(3) Affirmat ion of the antecedent ; The subject received a 2 for a 
correct "yes" answer. 

(4) Contrapositiye inf erence : The subject received a 3 for a correct 
answer on the first try; a score of 2 for a correct answer following 
a single prompting; and a score of 1 for a correct answer following 
a second prompting. 

Since this scoring procedure established a priori differences in the 
absolute scores that were possible for each inference category, these absolute 
scores were of no use in determining the relative difficulty of each type of 
inference. Instead, a percentaqo score was calculated for each subject for 
o^ir.h catoyory. All subsequent analyses of the subjects implication-reasoning 
p-^rforriMnces cirp bdscd on such percentages rather than on absolute scores. 

Results 

A 3(m'>0 X 2(ordor) x 2(contcfnt) x 4(typo of inference) analysis of 
vifiince with rofiO.jtcd me.Jiuros on the last factor was performed on the 
irpi ir^iUor-rM'ioriinc) porcr.^.rqos. A surmry of this analysis appeirs in 
LiM" ?.. r.inro a tot-il of 13 £ ►•otios are calculrjted in a four-v/ay analysis 
of v»r ?ricc, tr- .»lphj lovfl w-js set at .01 rathor Lhan th? u'-.ual ,05. 

r 0 \) 0 0 
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Insert Table 2 about here 

Be tween S ubjec ts Effects 

It is apparent from Table 2 that the adequacy of the subjects' answers 
v/js influenced by both their age and the content of the problems. The sub- 
jects perfonr.ed more adequately as they became older and they also performed 
irorc? adequately if they received +C problems rather than -C problems. The 
order in which the subjects received the antecedent propositions did not affect 
the adequacy of their answers. Finally, the main effects of age and content 
were simple and additive v/ith no interactive tendencies being noted. 

Since three age groups V;ere studied, the possibility of nonlinear 
developn^ental trends existed. For example the difference between third and 
six til graders might have been proportionately larger than the difference 
bvtv.ean sixth and ninth graders (or vice versa). An orthogonal polynomials 
an.:»lysis of the ago trend therefore was conducted, but only a linear trend v/as 
rotcd (line.ir F 22.81, £ < .0005; quadratic £ < 1). 

In sur;, the between Ss results support the conclusion that implication- 
rovionim ability increases linearly across the three age groups studied and 
t')o further conclusion that thcj roinforcement consc'iuences of implication 
pnMoi's afi-oct tho cirlequacy of in^plicat ion-reasoning. Hov/sver, the within- 
'i'jbj'.ct porfJon of the ^nrilysif. rpvoaled interactions i;hich necessitate qual- 
ifier! ti or. , of tlrize two coriclir.ionc. 
i '-.'r ! n ; fr t > F f ffC tr. 

Th-- v/i ti;in-:~,u!)jpct'-. offprt for type of question indir.rites that the four 
C'UOjnri'-. of irif'-^rr.'r.roT, \i^rv of cqui V'llnnt diffi'-julty. Moroovor, th? 
qlr^■;^i.■J•^ hy lu'.crozf \r^-' i ic j Ion Mj'U thci rank ord^'r inf) of inf'-'rsnco 
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cjterjory difficulty was different for different nge levels. Finally, the 
quostion by contont interaction suggests that the content manipulation did 
not of feet all of the forms of inference in precisely the same way. 

The matched t ratios between the four inference categories appear in 
Table 4 and the performance means for each age ievel appear in Table 3. Since 
24 matched t's v/ere calculated for Table 4, only two-tailed significance levels 
are reported. 



Insert Tables 3 and 4 about here 

On the average (i.e., disregarding age), the positive inference seems 
to have been tho least difficult. Also on the average, denial of the conse- 
qnsnt seems to have been next in order of difficulty, while affirmation of the 
ontecednet and contraposi tive inference were the most difficult inferences. 
Thcjse tiverage:, are not very msanir.gful, however, because category difficulty 
Vcirled v.'ith both ago and prepositional content. 

While positive inference apparently is the easiest category across all 
thr.-^c ago lovols, differences between the remaining throe categories are 
rjvid-?nt only f t the 8-9 and 11-12 year-old levels. Denial of the consequent 
is cr^ior thin (^ithor a ff irration of the antecedent or contraposi tive inference 
<it V'/: 8-0 yc.ir-old level and affirmation of the antecedent is easier than 
co.-trr'po'-.iti/c infcroncc v;hon one considers thn 11-12 year-old level. At the 
11 -It) yrMr-old level, hrv/ev^-r, denial of thr; con'iequent, affirmation of the 
'.•;•t•?ct"■I^.^•^^, .;nf) f ontrepos I tive infor^ncf aro equally difficult. 

Furth?r po'!;t hoc anoly^cr; indicatcrl thit only thrvv of the four ir-rerenco 
C'lh^prin-, irprovod \/itfi -yjo: po'-.itivfi inforcMC^s (p .npfj), affirnvition of 
fr-^ .>(|,.r.f; (n .00:»), .nd contrripos i ti v.> infr-ronr.'.' (n - .05). C^nial of 
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tlic con .oouont rmiinad rul.itivoly constant in difficulty across the three 
ihjo. levels. 

Finally, the question by content interaction indicates that the content 
anipulatlon did not affect the? four forms of Implication-reasoning Inferences 
oqiMlly. Post hoc analyses revealed that the content manipulation affected 
only positive inferences (p < .01) and contraposltive Inferences < .01) 
and contraposltive inferences (£ < .001). 

Discussion 

There certainly is evidence for Piaget's claim that implication^ 
reasoning nihility improves between the ages of 8 and 15. There also Is evi- 
dence for the additional claim that the content of Implication-reasoning 
propositions contributes to the adequacy of reasoning. Neither of these re- 
sults is particularly surprising, since the former would be predicted by almost 
ftny dov?lopirental theory (e.g., Inhelder & Piagpt, 1958) and the latter could 
be nmiictcd from oxperin.^nts (e.g., Lefford, 1946) in which prepositional 
ccDt-it \^{i-r, affected oth.-?r fortrs of reasoning. The wi thin-subjects effect of 
^/no of inference end its interactions with acio and content are new and intor- 
cif.ipn rosul'.^,, howavor. Thes2 three results not only necessitate quallfica- 
ti««n cf tfio «ir;.? ord contf:nt rTfects, but: thv.y olso sugnf.'St that some re- 
tHlr.'v'ir.o or th'? v/jy:, in v/!iich '..'o study r-ia-oning and its dovelopinent may be 
riln;! For. 

Why fir? f-.;^' row.' forrr. of infcronco of unequal difficulty? In particular, 
iccounfr, for f.hr? ultirMf:^ differcnc.f' in difficulty (whicl» ciivjrqes by the 
IS :'r7,»r-olr! l,?y.:i) b.'!.'.yr^'n p.)3itivc- inrrrf?nce, on t!.;.- on?, hdn.l, iind the 
rf-."M iiiin-) fo'^ir.'-, of i nfor^j-i-n o„ i^hc oi.!i :r? To ^iiir.plify thi'; qiinstion, it 
fir^t r.'^o'iM lr> vntrd f.fio r "A iiril io*-. C" con Itr rrpr.-T.?.'n.,-.'(l by four rr,n"titUv.'nl 
r.nnjij •^^ ir,r. , ( i ^/i fill I fli', Jiif/:Mv.' n'>n-il Fori'): 



copy nyjinj^B^^ 



I 



12. 

A inplio:, C = (A . C) V (A • C) v (A • C) v (A • Z) 

It will be rereiitbored from tho introductory section that the first of these 
conjunctions (A • C) corresponds to positive inference. The remaining three 
conjunctions (A • T, ?r • C, 7i • Z) correspond to denial of the consequent, 
affirrrUlon of the antecedent, and contrapositive inference, respectively. 
Inspection of these conjunctions reveals that positive inference is the only 
one of the four that does not involve the use of negative information and/or 
the drawing of a negative conclusion. In view of the already v/ell known in- 
hibitory effects of negative information on concept formation (e.g.. Smoke, 
1932. 1933; Hovland A Weiss, 1953). a "negative information effect" seems a 
likely explanation for the consistent superiority of positive inference. The 
explanation offered here, then, is that the negative information effect that 
has been found repeatedly in other conceptual context probably also is opera- 
tive with iPiplication reasoning. Further support for t is explanation comes 
from liason's (1968) studies of deductive reasoning in college subjects. Wason 
cor!clijd33 thdt college subjects use positive information more eas ily than 
noM.U.ive infonnation and draw posit iv. . nclusions more easily than negative 
conclus ions. 

Thr? interaction of inference category with age also is interesting, be- 
C'iu30 th^' pattern of the interaction suggests tfie emergence of a reasoning 
op?rdlion. l-'nle slyrrificant differences among the last throe inference ca1> 
O':;orifr> (rl;nial of the consf;quent, affi nation of tlie antecedent, contra- 
po-Uivp infr?ronce) g^'ierr»lly are evident at the 8-9 and 11-12 year-old levolr,, 
th>,9 forrrr. of inforonce ,\rQ of cquiv^ilcMit difficulty at the K^-IB year-old 
lovcl. Tho cVvir sutjfiff^tion i:> thit Ih-r^ hiov/lodgu derived from A implies C 
1'. !?>';■. yiri'iM-^ rind Ic^-^ c''}i-.-'ridr?fit or cxtr^rn-nl influcnrcr, -^.uch c'S forn-of- 
Q'-n'.llnr hy ff." Mr-:^ th- -uh.jr.c t'. n>irh rifldlo-Klolf-sron-r.. This in turn 
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siu;c|osts that a cjeneral reasonirui skill is boimi consolidated betW(»en tho 
aaos of R an J 15. 

The intLM-action of inference category v^ith content also must be ex- 
plained. As previously noted, this interaction resulted from the fact that 
positive and contraposi tive inferences were affected by the content manipu- 
lation but donial of the consequent and affirmation of the antecedent inferences 
were not. One way of explaining this finding involves first asking whether or 
not th?re are features comrnon to positive and contraposi tive inferences that 
night account for their differential succeptibility to the content manipula- 
tion. It turns out that there are. Here, I refer to the fact that both 
positive and contraposi tive inferences require a certain amount of extempor- 
ization. To be judged as having given a correct positive or contraposi tive 
inforence, the subject had to produce a phrase or a sentence. In contrast, 
donijl of the consequent and affirmation of the antecedent necessitated only 
a sinrple "yes" or "no". It seems quite reasonable that a semantic manipula- 
tion would be more likely to affect extemporaneous responses than simple 
a'.irocn'tjnts-disQqreements (where guessing is both possible and probable). 

Finally, the wi thin-subjects main effect and its interaction with age 
tir ! contont suggest sore additional complexities inherent in the study of the 
d:.v^lop:i.i'nf: of implication-reasoning which are not evident in Inhelder and 
Pi'i';nt's (195?^')) ro-.carch. The most important of these cojriploxi ties is the 
i^.'lir;:^^.^r.n thcJt tho subjects' inferences at the tv/o younger age? levels arc as 
r.-ij-.h A function of the typo of question por,ed as they are i\ function of 
(!:. /-']')[>•• .'nt'sl sfrit'js. This is definitely not the in'pression one derives from 
Ir;h-'l'' r and Pia^-iet. Inr.tpirl, one derivcr, thdt iifiprer.sion that imp! ication- 
reiiop.incj i=; ri thoronnhly unit'iry capacity whose prnr.ence ran be evaluated 
v/fth • ]\n.] precis in in a n'i 'ber of fnrral rf''T;onlng r.i i.i; itions . 
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Table 1 

Impl icdtion-Reasoning Propositions 



15. 



A 

Jack (Jill) sweeps the 
kitchen floor. 

J'lck (Jill) v;ashes the 
dishes. 

Jack (Jill) gets all 
•A's' on his (her) 
report card. 

Jack (Jill) does v/ell 
on an English test. 

Jack (Jill) mo\'/s the 
lav.n. 



Jack (Jill) has a 
birthday. 



Jack (Jill) helps 
rothor v/ith tha, 
s!"op:)ing. 

Jack (Jill) plays a 
pirt in a school play. 



B 

Mother is very pleased. 



Father is very pleased. 



Both parents are very 
pi eased. 



Teacher is happy. 



Jack (Jill) V7orks hard 
at something. 



All of Jack's (Jill's) 
relatives come to see 
him (her). 

Mother does not have 
iruch work to do. 



Jack (Jill) does a 
very good job. 



C 

Jack (Jill) gets all the 
dessert he (she) wants. 

Jack (Jin) gets 50^. 



Jack ^Jin) gets to stay 
up later as a reward. 



Jack (Jill) gets less 
school work to do. 

Jack's (Jill's) father 
treats him (her) to an 
ice cream cone. 

Jack (Jin) gets a lot 
of money. 



Mother fixes Jack's 
(Jill's) favorite food 
for dinner. 

Jack (Jill) gets an 
av/ard from the school. 



J''cV: (Ji 11 throws a 
rocr at a win-low. 

uv:y (.Jill) coTol'iins 
'i'.out \;n\-i b'ld thirujs are. 

•»'?ck (Jill) nldys with 
'••:t(:rp'-, . 



j"-j (Jin) j.Mvp'. 

hi', (her) bicyclo 
in thf> driy:".-My. 



A v/inrlow breaks. 



Jack's (Jill's) 
friends get n;ad. 

Jdck (Jill) starts a 
firo in his (her) 

hOU30. 

Father hits Jack's 
(Jill's) bike with 
his car. 



Mother sends Jack (Jill) 
to bed without supper. 

Jack's (Jill's) friends 
will not speak to him (her). 

Jack's (Jill's) father 
takes away his (her) 
allov/ance. 

Father tokos away 
Jack's (Jill's) bike. 



Tctble 1 (continu-sd) 



A 

Juck (Jill) forgets 
soi?:e thing l.e (she) 
is Supposed to do. 

Jack (Jill) whispers 
in class. 

Jack (Jill) breaks 
one of mother's 
favorite dishes. 

Jack (Jill) doesn't 
come home right 
after school. 



B 



Father tells Jack 
(Jill) what to do. 



Teacher gets mad. 



Mother is unhappy. 



Jack's (Jill's) 
parents worry about 
him (her). 



C 



Jack (Jill) feels 
ashamed. 



Jack (Jill) must stay 
after school . 

Jack (Jill) cannot go 
outside and see his 
(her) friends. 

Jack (Jill) cannot 
watch television. 
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Table 2 

Sunmary of Analysis or Variance of Implication-Reasoning Percentagar, 



Source 


_SS 






F 


P 


uOtl'/OOn 55 


69d63.6 


71 








Aya (A) 


18763.4 


2 


9381.7 


16.50 


.0005 


Order (B) 


260.4 


1 


260.4 


1 


MS 


Content (C) 


11501.7 


1 


11501.7 


20.23 


.0005 


A X B 


1841.0 


2 


920.5 


1.62 


MS 


A X C 


2334.1 


2 


1168.6 


2.06 


MS 


B X C 


71.9 


1 


71.9 


1 


MS 


A X B X C 


814.0 


2 


407.0 


1 


NS 


Error. 


34117.9 


60 


568.6 







thiii S^s 


230G77.7 


216 








Question (D) 


50355.1 


3 


16951.7 


24.38 


.0005 


D X A 


15634.4 


6 


2614.1 


3.76 


.005 


D X e 


1661.3 


3 


553.3 


1 


MS 


n X C 


16962.9 


3 


5654.3 


8.13 


.0005 


D X A X n 


5211.5 


6 


868.6 


1.25 


MS 


D X A X C 


1 


6 


1 


1 


NS 


0 / n X C 


4736.0 


3 


1578.7 


2.27 


NS 


X A X n X c 


105r,9.1 


6 


1764.9 


2.54 


NS 


fri-or 

V/ 


125177.4 


180 


605.4 







Table 3 

Correct Ansv/er Percentages by Inference Category and Grade Level 



Gr'ode Level Category 1^ Category 2 Category 3^ Category 4 

Third Grade 74.0% 62.6% 30.9% 36.5% 

Sixth Grade 81.2"^ 76.1% 62.3% 45.5% 

Ninth Grade 90.0% 74. OX 71.5% 61.2% 



Positive Inference 
^Denial of the Consequent 
Affirmation of the Antecedent 
^Contraposltive Inference 
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